The rare-earth borate Sc 3 B 5 O 12 was synthesized under high-pressure / high-temperature conditions of 6 GPa and 1100 • C in a Walker-type multianvil apparatus. The single-crystal structure determination revealed an isotypy to RE 3 B 5 O 12 (RE = Er-Lu). Sc 3 B 5 O 12 crystallizes in the rare space group Pmna (Z = 4) with the parameters a = 1245.4(3), b = 443.46(9), c = 1222.1(2) pm, V = 0.675(1) nm 3 , R 1 = 0.0520, and wR 2 = 0.0860 (all data). The structure of Sc 3 B 5 O 12 is composed of layers of condensed BO 4 tetrahedra, separated by eight-fold coordinated scandium ions.
Introduction
Over the last decade, high-pressure / high-temperature studies in the field of rare-earth borates led to a huge variety of new polymorphs and compositions. We were able to synthesize several new polymorphs of known compositions, e. g. β -/ γ-/ δ -RE(BO 2 ) 3 [1 -4] , χ-REBO 3 (RE = Dy, Er) [5] , and ν-DyBO 3 [6] . New compositions like Pr 4 B 10 O 21 [7] , α-RE 2 B 4 O 9 (RE = Sm-Tb, Ho [8 -11] ), β -RE 2 B 4 O 9 (RE = Dy, Gd [12, 13] ), RE 4 B 6 O 15 (RE = Dy, Ho [11, 14, 15] ), and RE 3 B 5 O 12 (RE = Er-Lu [16] ) extended the structural chemistry of oxoborates. As a common trend, with increasing pressure boron atoms favor the four-fold coordination, as expected from the pressure-coordination rule [17] . Additionally, it was observed that these BO 4 tetrahedra, normally linked via common corners, can form even denser structures by sharing common edges. Examples are the phases α-RE 2 B 4 O 9 (RE = Sm-Tb, Ho) [8 -11] and RE 4 B 6 O 15 (RE = Dy, Ho) [11, 14, 15] , in which 1/10 th and 1/3 rd of the tetrahedra possess a common edge to a second BO 4 tetrahedron, respectively. This connection could also be realized in the recently synthesized compounds HP-NiB 2 O 4 [18] and β -FeB 2 O 4 [19] , which are the first borates exhibiting exclusively BO 4 tetrahedra with a common edge to another one. Furthermore, in several borates, there could be found partially increased coordination spheres of the oxygen (O [2] → O [3] ) and rare-earth atoms.
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Recently, we turned to scandium borates under extreme conditions. To the best of our knowledge, the ternary system Sc-B-O exhibits only the compound ScBO 3 [20] . This borate crystallizes in a trigonal calcite structure, consisting of alternating layers of scandium atoms and trigonal-planar BO 3 units. Systematic investigations into the ternary system Sc-B-O under high-pressure / high-temperature conditions led to the here presented new high-pressure borate Sc 3 B 5 O 12 , which is isotypic to the above mentioned phases RE 3 B 5 O 12 (RE = Er-Lu [16] ). We describe the synthesis, the crystal structure, and the properties of Sc 3 B 5 O 12 , as well as the similarities and differences to the isotypic rare-earth borates RE 3 B 5 O 12 (RE = Er-Lu [16] ) and to the homeotype mineral semenovite.
Experimental Section

Synthesis
The compound Sc 3 B 5 O 12 was synthesized under highpressure / high-temperature conditions of 6 GPa and 1100 • C. For the synthesis of Sc 3 B 5 O 12 , a stoichiometric mixture of Sc 2 O 3 (Sigma-Aldrich Chemie GmbH, Munich, Germany, 99.9 %) and B 2 O 3 (Strem Chemicals, Newburyport, USA, 99.9 %) was ground up and filled into a boron nitride crucible (Henze BNP GmbH, HeBoSint R S10, Kempten, Germany). The crucible was placed into an 18/11 assembly, which was compressed by eight tungsten carbide cubes (TSM-20, Ceratizit, Reutte, Austria). The pressure was applied via a Walkertype multianvil device and a 1000 t press (both devices from the company Voggenreiter, Mainleus, Germany). A detailed description of the assembly and its preparation can be found in refs. [21 -25] . The assembly was compressed to 6 GPa within 2.5 h and kept at this pressure for the heating period. The sample was heated to 1100 • C in 10 min, kept there for 20 min, and cooled down to 450 • C in 20 min. Afterwards, the sample was naturally cooled down to r. t. by switching off the heating, followed by a decompression period of 7.5 h. The recovered pressure medium was broken apart and the surrounding boron nitride crucible removed from the sample. The compound Sc 3 B 5 O 12 is an air-and water-resistant, colorless crystalline solid. Up to now, Sc 3 B 5 O 12 could not be synthesized as a phase-pure sample. Side products were the unreacted remains of the starting materials Sc 2 O 3 and B 2 O 3 , as well as impurities from the crucible material (hex. BN).
Crystal structure analysis
The powder diffraction pattern of Sc 3 B 5 O 12 was obtained in transmission geometry from a flat sample of the reaction product, using a STOE STADI P powder diffractometer with monochromatized MoK α (λ = 71.073 pm) radiation. The corresponding reflections of the diffraction pattern were indexed and refined on the basis of an orthorhombic unit cell with the program TREOR [26 -28] . The lattice parameters (Table 1) were calculated from least-squares fits of the powder data. The correct indexing of the pattern of Sc 3 B 5 O 12 was confirmed by intensity calculations, taking the atomic positions from the structure refinement [29] . The lattice parameters determined from the powder data and the singlecrystal data fit well.
For the single-crystal structure analysis, small irregularly shaped crystals of Sc 3 B 5 O 12 were isolated by mechanical fragmentation. Measurements of the single-crystal intensity data took place at room temperature by a Nonius Kappa CCD 4-circle diffractometer, equipped with graphitemonochromatized MoK α (λ = 71.073 pm) radiation, a Micracol Fiber Optics collimator, and a Nonius FR590 generator. For the intensity data of Sc 3 B 5 O 12 , a numerical absorption correction was applied to the intensity data of Sc 3 B 5 O 12 with the program X-SHAPE [30, 31] . The positional parameters of the isotypic compound Lu 3 B 5 O 12 were used as starting values for the structural refinement of Sc 3 B 5 O 12 (SHELXL-97 [32] ). All atoms were refined with anisotropic displacement parameters. The final difference Fourier syntheses did not reveal any significant peaks in the refinements. All relevant details of the data collections and evaluations are listed in Table 1. The Tables 2 -5 show the positional parameters, the interatomic distances, and angles.
Further details of the crystal structure investigation may be obtained from the Fachinformationszentrum Karlsruhe, D-76344 Eggenstein-Leopoldshafen, Germany (fax: +49-7247-808-666; e-mail: crysdata@fiz-karlsruhe.de, http:// 
Results and Discussion
The crystal structure of Sc 3 B 5 O 12 is isotypic to the structures of RE 3 B 5 O 12 (RE = Er-Lu) [16] . In analogy, the latter compounds were also synthesized under high-pressure / high-temperature conditions, but at higher pressures of 10 GPa and temperatures of 1100 • C. Fig. 1 [19] .
Only one tetrahedron (B(1), Q 4 , light polyhedra) shares all four vertices with other tetrahedra, while the remaining ones (B(2)-B(4), Q 3 , dark polyhedra) show one unshared oxygen atom. As depicted in Fig. 2 , eight-, five-, and four-membered rings are formed from the BO 4 tetrahedra inside the layers. All rings lie in the ac plane at a height of 1 /2 b. The eightmembered rings are formed by two Q 4 and six Q 3 tetrahedra. These rings are interconnected along the a axis by two tetrahedra, forming four-membered rings, which are situated on the edges and in the center of the unit cell. Inside the four-membered ring, Q 4 (B1) and Q 3 (B2) tetrahedra occur in alternate positions. Two adjacent tetrahedra of the four-membered ring shape a five-membered ring with three additional BO 4 tetrahedra, belonging to two different eightmembered rings. Fig. 1 shows that the scandium ions are positioned between the five-and eight-membered rings.
In Sc 3 B 5 O 12 , the B-O distances vary between 141.2 and 156.3 pm and average out to 147.9 pm (Table 3) . This value is in good agreement with the known average value of 147.0 pm [36, 37] for the B-O bond length in BO 4 tetrahedra. In comparison, the average B-O bond lengths in RE 3 B 5 O 12 (RE = Er-Lu) [16] are slightly larger with the average values of 149.4 pm (RE = Er, Tm), 148.9 pm (RE = Yb), and 149.2 pm (RE = Lu). As shown in Table 4 (4) The two crystallographically independent Sc 3+ ions are coordinated by eight oxygen atoms each, forming two distorted square antiprisms (Fig. 3) . The Sc (Table 5 ). Similar Sc-O distances for eight-fold coordinated Sc 3+ were found in the high-pressure phase ScAlO 3 (206.9 -255.4 pm, av. = 227.3 pm) [38] .
The bond valence sums for all atoms of Sc 3 B 5 O 12 were calculated, using the bond length / bond strength (ΣV) [39, 40] The MAPLE values (madelung part of lattice energy) [42 -44] were calculated in order to com- A comparison of the lattice parameters, cell volumes, and rare-earth metal ionic radii [47, 48] of RE 3 B 5 O 12 (RE = Sc, Er-Lu) is given in Table 6 , while Fig. 4 illustrates the coherence of the ionic radii and the lattice parameters a, b, and c in RE 3 B 5 O 12 (RE = Sc, Er-Lu). As expected, the decrease of the lattice parameters corresponds to the decrease of the ionic radii of the rare-earth cations.
As depicted in Fig. 5, the borates RE 4 and SiO 4 tetrahedra. Semenovite has an enlarged unit cell, which is essential for ordering the metal atoms and the tetrahedral centers with Be/Si. In RE 3 B 5 O 12 (RE = Sc, Er-Lu), the first rare-earth site RE (1) lies in between the centers of the five-membered rings, while the cavities between the eight-membered rings are completely filled with RE (2) . In semenovite, metal ions hold these positions. Additionally, the positions between the centers of the four-membered rings are partially occupied, while in RE 3 B 5 O 12 (RE = Sc, Er-Lu) this site is empty. Due to this site, the consequence of a group-subgroup relationship between the rare-earth borate and semenovite is inadmissible. Nevertheless, the here presented rareearth oxoborate exhibits a homeotype structure to the beryllo-silicate semenovite.
Conclusions
This paper presents the high-pressure / hightemperature synthesis and structural characterization (single-crystal data) of the second known ternary scandium borate Sc 3 B 5 O 12 . It is isotypic to the oxoborates RE 3 B 5 O 12 (RE = Er-Lu) [16] and consists of layers of corner-sharing BO 4 tetrahedra, that are separated and charge-balanced by Sc 3+ ions. The structure type is homeotype to the beryllo-silicate semenovite.
